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(54) Self-quenching fluorescence probe and method 

(57) There is provided 

a method for detecting a target polynucleotide in a 
sample comprising 

contacting said sample of nucleic acids with an oli- 
gonucleotide probe under conditions favorable for 
hybridization; and 

monitoring the fluorescence of said reporter mole- 
cule, an increase m the fluorescence intensity of 
said reporter molecule indicating the presence of 
said target polynucleotide: 
wherein said oligonucleotide probe is an oligonu- 
cleotide probe conrpnsing: 

an oligonucleotide probe which does not hybridize 
with itself to form a hairpin structure; 
a fluorescent reporter molecule attached to said oli- 
gonucleotide sequence; and a quencher molecule 
capable of quenching the fluorescence of said 
reporter molecule attached to said oligonucleotide 
sequence; 

said oligonucleotide sequence capable of existing 
In at least one single-stranded conformation when 
unhybridized where said quencher molecule Is a 
flMQregggnt molecule capable of quenching the flu- 
orescence of said reporter molecule; 



said oligonucleotide sequence also capable of 
existing in at least one conformation when hybrid- 
ized to a target polynudeotide where the fluores- 
cence of said reporter molecule is unquenched; 

and wherein the fluorescence intensity of said 
reporter molecule at its emission maximum when 
said oligonucleotide sequence is hybridized to said 
target polynudeotide is greater than the fluores- 
cence intensity of said quencher molecule at its 
emission maximum when said oligonucleotide 
sequence is not hybridized to said target polynucle- 
otide. 
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Description 

RAPXQROUNn pFTHE INVENTION 
5 FiPld of the Invention - ■ 
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[0001 ] The invention relates generally to fluorescent probes which include a fluorescent reporter molecule and a flu- 
orescent quencher molecule. More specifically, the invention relates to fluorescent probes which include a fluorescent 
reporter molecule and a fluorescent quencher molecule which may be used in hybridization assays and in nucleic acid 
amplification reactions, especially polymerase chain reactions (PGR). 
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[00021 Fluorescent reporter molecule - quencher molecule pairs have been incorporated onto oligonucleotide probes 
in order to monitor biological events based on the fluorescent reporter molecule and quencher molecule being sepa- 
rated or brought within a minimum quenching distance of each other. For example, probes have been developed where 
the intensity of the reporter molecule fluorescence increases due to the separation- of the reporter molecule from the 
quencher molecule. Probes have also been developed which lose their fluorescence because the quencher molecule 
is brought into proximity with the reporter molecule. These reporter - quenchet molecule pair probes have been used 
to monitor hybridization assays and nucleic acid amplification-reactions, especially -^polyrrierase chain reactions (PGR), 
by monitoring either the appearance or disappearance oithe-fluorescence signalgenerated by-the 'reporter molecule. 
[0003] As used herein, a reporter molecule is^tfltidlecule capable of generating a fluorescence signal. A quencher 
molecule is a molecule capable of absorbing the fluorescence energy of an excited reporter molecule, thereby quench- 
ing the fluorescence signal that would othenwise be released from the excited reporter molecule. In order for a quencher 
molecule to quench an excited fluorophore. the quencher molecule must be within a minimum quenching distance of 
the exerted reporter molecule at some time prior to^thejceribrten-ijiolecule releasing the stored fluorescence energy. 
[0004] Probes containing a reporter molecule - quencher molecule pair have been developed.for, hybridization assays 
where the probe forms a hairpin structure, i.e.. wfifiri the probe hybn^ itself to form a loop such that the quencher 
molecule is brought into proximity with the reportermolecule in the absence of a complementary nucleic aad sequence 
to prevent the formation of the hairpin structure^WO 90/03446; European Patent Application No. 0 601 889 A2. When 
a complementary target sequence is present, hybridization of the probe to the complementary target sequence disrupts 
the hairpin structure and causes the probe to adopt a conformation where the quencher molecule is no longer close 
enough to the reporter molecule to quench the reporter molecule. As a result, the probes provide an increased fluores- 
cent signal when hybridized to a target sequence than when unhybridized. Probes including a hairpin structure have the 
35 disadvantage that they can be difficult to design and may interfere with the hybridization of the probe to the target 

sequence. ^ * ^ 

[0005] Assays have also been developed for identifying the presence of a hairpin structure using two separate probes, 
one containing a reporter molecule and the other a quencher molecule. Mergney. et aL. Nucleic Acids Research. 22:6 
920-928 (1994). In these assays, the fluorescence signal of the reporter molecule decreases when hybndized to the 
40 target sequence due to the quencher molecule being brought into proximity with the reporter molecule. 

[0006] One particularly important application for probes including a reporter - quencher molecule pair is their use in 
nucleic acid amplification reactions, such as polymerase chain reactions (PGR), to detect the presence and amplifica- 
tion of a target nucleic acid sequence. In general, nucleic acid amplification techniques have opened broad new 
approaches to genetic testing and DNA analysis Arnheim and Eriich. Ann. Rev. Biochem.. 61 : 13 1-156 (1992). PGR. 
45 in particular, has become a research tool of major importance with applications in. for example, cloning, analysis of 
genetic expression. DNA sequencing, genetic mapping and drug discovery. Arnheim and Eriich, Ann. Rev. Biochem.. 
6V 131 -156 (1992); Gilliland et at, Proc. Natl. Acad. Sci.. 87: 2725-2729 (1990); Bevan et al, PGR Methods and Appli- 
cations. 1 : 222-228 (1992); Green et al., PGR Methods and Applications. 1: 77-90 (1991); Blackwell et aL. Science. 
250: 1104-1110(1990). , . x- ^ 

[0007] The widespread applications of nucleic acid amplification techniques has driven the development of instrumen- 
tation for carrying out the amplification reactions under a variety of circumstances. Important design goals for such 
instrument development have included fine temperature control, minimization of sample-to-sample variability in multi- 
sample thermal cycling, automation of pre- and post-reaction processing steps, high speed temperature cycling, mini- 
mization of sarrple volumes, real time measurement of amplH ication products and minimization of cross contamination, 
for example due to "sample carryover". In particular, the design of instruments permitting amplification to be earned out 
in closed reaction chambers and monitored in real time would be highly desirable for preventing cross-contamination. 
Higuchi etaL. Biotechnology. 10: 413-417 (1992) and 11:1026-1030 (1993); and Holland etaL, Proc. Natl. Acad. Sa.. 
88: 7276-7280 (1991). Glearly. the successful realization of such a design goal would be especially desirable in the 
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analysis of diagnostic samples, where a high frequency of false positives and false negatives (or examole caused hv 
sample carryover-, would severely reduce the value of an amplification procedure. Zt^ ^ftiS^S^ 
an amplrf.cat.on reaction permits far more accurate quantification of starting target DNA S^c^nlSoSlnTSe J 
get arnpl.f,cat.ons. as the relative values of dose concentrations can beVeiolvi by ta Jg i^^^oTn t^^^^^ 
he relauve concentrafon values during the reaction. Real trme monitoring also permits the LlcieSy Sl^e SiSia 
tion reaction to be ^aluated. which can indidatfe'whether reaction inhibitms we present in a sample ^ ' 

[0008] Holland et al, (cited abov^g), U.S. Patent Na SiSlOiOIS \^§l^;eiaL and others have proposed fluores 
ZZT"^ "^^T"^ '° ''r''^' '''' time measurements of amplificatiori products duri^PCR 'S^Z^c^^ 
present or they have employed probes containing fluorescence<,uencher pairs (also referred to as the "Wll^an- ' 
IZnr!^^ """^V" '"'^^ '"""3 amplification to release a fluorescerlt moleculelie co^lStioh 

proport. onai to the amount of double-stranded DNA present. During anplification. the probe is digeS byTe nudease 
ac,,v„y Of a poiynierase when hybridized to the target sequence to cause the fluorescent molecufe tS seSatS frS^ 
riLT"^.^' r"^^- "^^^ ^"='"9 fluorescence from the reporter molecule to appear 

T^rhJ^J^''"'!'^" '"'3"'" ■ ^" Oligonucleotide probe containing a reporter molecule 

- quencher moieo^ie pa., thai spec-lcally anneals to a region of a target polynucleotide "downstream- i e in tl^s d^«: 
.on of extension of p,.me, b.nd.ng srtes'. The reporter molecule arid quendher mbledule are posltiori^ ;ithrprabe 
Zr^- ?T i° whenever the reporter molecule is excit^/ the energy oTre ScrtS^st^fe 

n '*'<"«^'^'« -here it either dissipates nonradiatlvely or fe emitt^l at a Sfelent 

emission frequency than ,r«,'-of .he reporter molecule. During strand extension by a^DNA poLeSse J^eSS 
anneals to the template whece rt « d.gested by the S'^' exohudease activity of the polymeSe ^a reS S tS 
probe being digested: me reporter rnolecule is ^ffectively^e^farated frbmlr^cfuen^hrm^Lte siS^ha^ ^e 

Thus, as more and more probes are digested dOrihg amplificaflpn, tfife, nuifttoer of reporter molecules in solutic^^ 

z^i:::^:^^: « numb^ o^^^^^^:^^^^ 

[001 01 Three main factors influence the utility of reporteV^Oenbh^Kmol^feliie prSbe^ hybridization arxJ amolifil ' 
ca on assays^ The firs, taaor is the effectiveness of the,c,uencher molecule on,*eprob4l6 qS SeSbSeS^ ' 
cule. The firs factor, herein de^gnated,-RQ-":can be characterized bf the raflj &ffife £S7n^?ni2?o^. 
re^rter moledule to the quenche. molecule whei\ thfe probe is. not hybridized to a c^,f^^^^ 
when th'^ ^ "^''"^^ emissib^.rff theYeporter-mqIecgie tb thefluoresb^nce .fth'^^^^^^^^ 
when the ohgonucleotide prpbe .S in a;sirigl^-stranded state. Inflbence^ on the value of RQ^inclual for SSe S ' 
particular reporter and quencher molecules used, the Wn^ bet«;een the r^rter and quer^'her ^le^feTn^^^ 
otide sequenc^-specrfic etfedts. and the degree of HeAy of structures eg linkJ^^to^hSr^l^^^ri^f^ 
^ quencher molecules are attached, and the presence of imparities. Wo et al ^'al Bio5.em 2 ? 1 13 ?SdV 
Clegg Me^ Enzymol.; 2l y 353,388 CJ9?2): A r^ated quantity Rp^ rfef^rsloWttfo oS£^^^^^ 
Se.""""""*" '""^'^ theoligc^nudecitidepr^^^^^^^^^ 

(001 1] A second factor is thV^eft.c.enctof 'the probe to hylpfidize to a cbir^lemeritary p^d^nudeotide This second fac- 
nudX«^^^^^^^ 

nudeotide. the annealing tenperaM. and dtherreadiioncon&itiorfe ' • =>" ""^^VP^' k 

SSfl/r^l^"^' ^'^'^"^^ Jf^it^which the p.NA.polymerase S'-^Z' exonuclease activity cleaves the bound 
Of ^! "^T "^'^'^ quencher m^ilecLle T»,is effidency depends on such fado,^ as the pvS 

of the reporter or quencher to the 5" end of the probe, the "bulkiness" of the reporter or quencher ar^ th?J^mIT 1^ 
cj^mentarity between the^prob^;^ target pdyHCde^Si Le^ K^^^t^^S^^^^:^ . 

[00131 Since quenching d^Jertds orftfie fihysidai proxirrtt'y of the reiiorte/ molecule to th^ quencher molecule it was ' 
prej^usly assumed that the quendier ind reporter'mdecules Wt be attached to^the probe suchl^tS ieSS " 
\ ^T! ^" "^^'"'"^ '^'^♦^"'^^ ^'y'-^''*' the quencher mdiule caV, qbenrthe reSrt^ ' 

sreratee '''^f'^^^ ^^^9- °^ -bout e-Ve nudeotides.' Lee.e. a/. Nudeip Acids^SieaXa V.' 

8?8790 879?fiS r? ^'^ i^'^"'-'"^ "^"^^^ 22: 920:928 "(1994),: (iardullo.ef aA. Proc. Aatl. Acad.^i ' ' 
R j?r20%S2l5 nlJ 2-994-2998.('l993); and OzaW^f a/.. Nud4ic Xcids ' 

Research. 20. 5205-5214 (1992). This short separation between the reporter ftralecule and the quenbher molecule fe 
typically achieved by attaching one member of the reporter-quencher pair to the 3' or 5' end oV*2 prabe arS t^T^S^er 
member to an internal base 6-1 6 nucleotides away. ' ' ^ ^ ' ^ the othipn 

[00141 There axe al least tvvb ligriificant disadvantages assodikt^' with kttadii'ng a reporter or quencher r^iolefedle to 
an internal base. Attaching a reporter or q^encher mdecule to an internal nucleotide ^ically in^^i m^S^^^^^ 
Chemistry than the d,emistry requjred to attach the mofeculeto a terminal nudeotide^n aiitS S^hm^^^a 
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reporter or quer^cher molecule to an imerr«l nucleotide can adversely affect ^^^^^^"^ °* 
S ef a/ U S Patent 5,328.824; and Ozaki et al. at Nucleic Acids Research.. 29; 5205-5214 (1992). 
100151 A need currently exists for effective oligonucleotide probes containing afluorescent reporter -^Jecul^ and a 
aSer mdetrfe for use in hybridteation and nucleic acid amplication assays,^Accord,ngly a need ex.sts fo probj 
S exhS dSnguishable fluorescence charact?r.istics,^n,hybridized and , riot hybridized to a targe nucleig acid 
r^uence A fSSefneed exists for probes wher^ the reporter rnolecgi.e anaque,,^her molecule fl^°^°^°"^ 
such that he quencher molecule can effectively quench the.f luorescence of the reporter a»lecute. A furmer need . 
ex£ for prSwhS:h are efficiently synthesized. Yet a further need exists for the reporter molecule and quen*e;mol-. 
Tout to Ksitionable on the probe such that the reporter and quencher molecules do not ^f^^^'^ I^^^J^'^ 
S^ zation efficiency of probe. Vhese and fgrther objectives are provided by the probes and methods of the preser^ 



invention. 
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r00l61 Th^ present inverttion relates to.an oligonucleotide probe which includes a fluorescent r^orter "^plepule and 
LT!ncher mo Se capable of quenching tine fluorescence of the reporter molecule, ^'^'^^^f "V°^L^coXr^^^^ 
Ln t^rol goraeotide probe is constructed' such that the probe exists in at least one single-strand«l. ^ontornaton 
ren unSSilere thequenc^er molecule 

^f the Ser molecule.The oligonucleotide probe also exists in at least one conformation when hyb id.zed to^^^f^ 
DO yn^^S^SXTe the qu^^^^^ moleculflis not positioned close enough. to the reporter molecule ?o que"?"^ * 
o^rcencTof mTi^orter molkuie By adopting these hybridiied and unhybridized conformations, the reporter mole- 

crandltSc^^^^ 

!nd unhvSridSd As 4 resdit it is possible to determine-whether the probe is hybridized or unhybridized based on a 
cS^oeTn J,^ Sr^^^ the reporter molecule, the quencher rnolecule, or a cornbination thereof In addi^ . 

tiSTbe-^uselhrpToS 2n be designed such that the quencher molecule quenches the report^r«olecule *e 
pl^e tsTc* h^X^ the probe ^ be designed, such tt^t *e r^rter molecUe exhib^s hmrted fluprescence until 

AS toSS^fSl^the,^^^^ int^nsny'pf the reporter n^ecule is ^ff^ 
Sn*efluS2enceir^fen^^^^ 

S SSfsceSe^^^^ S th^^iigbfiuclLkJe probe hy^ridiz^ to the target polynucleotide is a^so pr Jera- 
LTa^lalt^abSS^^^^^^^^ 6 greater than' the fluorescence ihterisity of the oligonucleotide probe when not hybrri-zed . 

Kr'llle Sfrll^L^ MraNy sfepa^ted frorh the quencher mpl?^.e by at le^st ^^'^^^ 

SS^e Lf^rti&S.out18i^ rnolecu'e is preferably separated rom th^ qgencher mole- . 

™rbTbSl^ut rf ^^^^^^^^ nucWiaesibre^^refefably between about 18 and 30 nucleotides 

fiSol The reporter molecule is preferably attached to either the 3; or 5' terminal nupleo .des of tt?e Probe. The 

Sher JSeSJSl&preferably^ttl^cheJ^to either the S-.o/S; terminal nucleotides ot-th? Proba More pref^y. 

r^D^teTSenchevLl^ieL 

The Importer molecule is preferably a fluorescein:dyb^aha th,^# ench.r .molecule is preferably a rhodamine 

Sci:ii:t:;r:^^ 

S T:^:S'iSXSSi^ai?t Wh^ may 

Srt ^hetke Sr^eferaM^^^^ pojyethylene glycol,because it does riot ^g"rf'^^"^'y. J: 

f^e^ me hSSSn Vprobe io theMa^get pli^ is commercially a>^ilable, soluble in both orgar^ic arK. 

aqu^ medi? easy W fun4riai]ze, and completely stable under oligonucleotide synthesis and post-synthesis con- 

?S" Thb li'nfeg^s between the'soiid supfSort the linker and the fJrobe are preferably not cleaved during removal of 
L^e U^c^iS SoSs u^^^^ conditionVat high temperature. Exarnples of preferred linkages include carbamate 

r^sr^'e preSnt invention also rdates to he use of the oligonucleotide probe ^ a hybridization ^^^^^ 
EpolynudeotkiW Accor^ngly. the preserrt invention relates to i hybridization assay for detecting the presence of 
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after being contacted with the sample is conS^^r^ ^l ^^^^ "'^^ '^'^ before and 

cence signal when hybridized to a target sec£Se an [nc^a^S^^^ ''^'''^ ^ greater fluores- 

with the sample indicates the hybridizktion^ tS ^obe t7teS25 '^^^^^^ ^"^'^ "'"^acted 

sure of target-sequences in the sample. Qulnmc^ton c^?t?Sn?^^^^^ ' «^^-P^««- 
being contacted with thesample can fae us^d nu«^H^Vh. . ? ""°^^«?e"<=e intensity as a result of the probe 
[0027] The present inveZ aS "Stes toTh^use 2 2^! f '^"""^"^ 
cat.on. Accord.ng.y, the present inveSoi re atl^^^^^^^^ memod f '''' ^^'^ 

nuclec acid amplication on a target s^ue^e ulg a ""^^'^ ^''^ amplification by performing 

primer capable of- hybridizing to thltarg^ sMuencTfr^ T^L , ''^'^'^ ^'^ 3" ""^'^^^ activity, a 

wh.ch is capable of hybridizing, o the 5rg2 s2Snce S^elaS r^^^ ^^^'"^ '° ^'^^ 

polymerase digests the oligonucleotide prS^ng amotS whTr k ^ *° ^'^^ ""'^'^^ 

sepa-atmg the reporter molecule from the quencher Il^uL '".J^^l^'^^^ *° t«^9et sequence, thereby 

the reporter molecule is monitored, the ^n J^SroTSLori.^l amplrf,cat.on .s conducted, the fluorescence of 
ampl.f.cat.on Accordingly, the amount oSS^ oJZ^!^ to the occurrence of nucleic acid 

cence observed It is noted that the ftuor«^.r:jrr^^^^ 

in fluores- 

in comb.nat.on with the reporter molecule. io6^^Z^SZ^ "^^ also.be m^ntored,' either separately or 
BRIEF npgntjiPTiriM hf tu^ e mFg' - • ' 

DETAILED n PSCRIPTIOM , 

' tion. the Oligonucleotide probe is conSi siS W nl^^^^^ T r ' "^'"^^ *° P^^^^"^ 
when unhybrldized where the quencher mo^ecdet^Sr enorh^^^^^^^ * ^'■"9'«-«t^*'^ed,c6nformation' 
Of the reporter molecule. The oWleotidSe *° ^^"^ the' fluorescence ,. 

polynucleotide such that the quencher moleL^L^^orn^ S^I^ V^' conformation when hyhfidized to atarget : 
fluorescence o, the repater molecule STdoSg mS^^^^^^ •^^'^^"'^ '° 

ecule and quencher moledle on the probe exhihrt dwSv a™* unhybndized conformations, the reporter n^jl- .. ' 
and unhybrldized. As a result, it is ^sfJetJetSwS 'T^'^ ^'^^^ P^^'^^ ^'^^ 

Change in the'fluoresceriiie intensity of me ™,tm^^^^ "^"^'^^ unhybrldized based or^' 

tion, because the probe fcan be designSl sXS^^ 

probe is not hybridized, the probe cart« destanSsrchS .Sfr '"^"^ -""'^^^'^ -^en the. " 

the probe is either hybridiz£ ordigestS " '^^^ """^^^^ ^^^^^ ^'""^^ fluorescence. unless " 

fluorescence intensity of "the r^6rter molecule is mSor^^^^^^ Probe is^hybridized to the target polynucleotide.,TT,e ' 
cence intensity of4he quencfieLolec"^ J pr^^^^^^^ Tf °' "^^ ■■ 

[0031] The fluorescence intensitv hffh^nW . f^ '^ "^"^ 

biy at least about a f^^o'^^^SiX^h &T^^:^^^ '° '""^ '^^^ polynucleotide is also p^eferal ' 

to the target polynucleotide.^ ' ' " ■■"""''"^"ce intensity of the oligonucleotide prob^ vyhen not .hybridized 

[0032] The reporter molecule is prefe/ablvsP^^ ^.^ . , 

more preferably at least abbui 18 nlcie^l ^^^f^--^""^^^^ ''^^^^ iSiiucleotides, ;. 

cule by between about 1 5 and 60 nucleSSes l^e 0^^^!^^',!^^^^^^ ^^T"'^ ''"^"'^^^ - 

[0033] The reporter molecul4 is preferaSaSa^S t^EL^-^^^ 

quencher molecule is also prefera^yTStc?eSS?o^^^^^^^^ " 
thereporterandquencherm.ec.esarea«.ch^S^^;-?^?^^ 
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IS^] The reporter molecule is preferably a fluorescein dye arxl the quencher,fTj,olecule is preferably a rhodamine 

?m35l in one embodiment, the oligonucleotide probe is attached to a solid support As illustrated in Figure 2. when 
tS orL is unh^SSS th probe is able to addpt at leasiiprie single-strand.ed,9onf9rmaton.^h h^^^^^^^ 
m^^ut is nir enough o the reporter molecule to' quencfi the fluorescence of the reporter. mplec,ule.^As further .llus- . 
S£Xr?kTen the probe is hybridized to a target secjuence, the probe adopts at 'east . one con^ajon whe^e ■ - 
S mericL molecule is not positioned close enough to the reporter molecule to ^^^^^^ ^^'^^^^^ 
IJorter m^LS% a result the fluorescence intensity of the reporter molecule increases when the probe hybrKl.zes . 

ISie? AS Stl in Figure 2. diHerent probe? may be attached to the solid support and may be used' to simul^ane- ;. 
Sdete«dS^nmr^^ in a sample. Reporter molecules having different fluorescence wav^ngths can 

be us2 o?ihe d Lent probS. thus enabling hybridization to the different probes to be separately ^^ --^ 

SlnJjri Serred ^es of solid supports for Immobilization of the oligonucleofde probe ,nc ude corrtrol ed 
^ ..i o^fD^terSSty^ne avidin co^ed polystyrene beads, cellulose, nylon, aaylam.de gel and.activated 
SXrCpH^i Se?SS^^^^^ polysyne. These sold supports are preferred for hybridizatipn and 

dSncitifsfuS^aTseS 

arc!o^<^^ pore glass (CPG. 500 A. 1000 A) and. non-swelling high crosH-nked polystyrene (1000 A) are 

oarticularly preferred in view of their compatibility with oligonucleotide synthesis. . . . 

TlSTena h and chemical stability of linker between solid support and the first 3" unit of ol.gonucleotdes pl^ 
stSS The linkrarm is preferably at least 20 atoms long in order to attain a high yield (>97%) dur.ng automated syn- 
Ss tsualtyattached to the S'-OH of 'the 3' nucleoside by an ^er. linkage which can be cleaved with bas-c reage^nts 

Thl" itnkda^between the solid support the linkef ahd the probe are preferably not cleavpd dunng removal of 
« LreV-«ng aX^^^^^^^^^ -high temperature. Examp.^ of preferred l^kages inc^e ca*amate 

f^sr-^e SSicleotUle probe Of the present invention may be used as a hybrdization probe to Select t^W 

IcSgly-the presenVinventio^ 
porn2Sid^^sam5e.Ac'^^^^ 

?OmJ] AJ<Srding to one embodirWeht of the method, the hybridization probe '^'71'*'';^^°"^! ^^"^^^^^^^^^^ 
SucleoWe prdje is contacted viith a sample of nucleic acids.under conditions <a«»5'^2-iJ^i^rsin2 tLe 
oSc^ SiS oflhe reportermolecule is measured before and aher being contacted wrth the sample. Since the 
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^'!^oZ:^^Z:t^SZ "^^^ *° ' sequence, an 

to target sequences in the sam^e LobSj^'^^^^^ 

sequence hybridized to the probe to be rSZ^^l^ tSZ^^^^ f '^"^ *^9«t 

may be separated from the solid support aSSS ^ g ouS j^^l ''"''•J'' target sequence 

the art depending on the particular needs of t4^i^2Srchi " ^ *° ""^^ " 

Scat^SnS^^:^^ 

Oligonucleotide probe according to the pT^SeSfon^hv^ for monrtonng nucleic acid-amplification using an 
tive to an amplification primer. A cordingTo the^^^^ ^cSf^"? I^ridizing to the. target sequence 3: rlla- 
otide using a nucleic acid polymerase Sa^g 5^ 3 nudete " P«'*'™«^ °" « target pplynucle-' 

polynucleotide, and an oligonucleotide pro^Ji^r^inn T t^«'^,S P^"' "^"^ °* *° *^9^t 

polynucleotide 3' relative to the primer Durind^TjfcSJnn °' hybridizing to the target 

probe When it is hybridized to theTgi sZI^TS^^^ sZT '^, acd polymerase digests the oligonucleoa' e 
cule. AS the amplification is conductii tSZelencfS f '^-^ the quencher mole- 

resc^ce corresponding totheoccurrenc;of:X"a 

I eipt s^p^rj^T^creS^^^^^^^^ 

Press, New York. 1969): Sambrook efa/ ' Eu^ annl^:.^ ^^''^^S' ^CR Protocols (Academic 

York. 1989).each Of Which areincorporaSiiSeTnt^^^^^^^^^^^^^^ 

between the PGR pririlers Used to ahiplify CSrS SIi^IIh 'f? u °' °"9?!'"«='«>tide probe is located 
polymerase, e.g.. Amplitaq™ (PerkinSer « ^SroT^^^^ ''''''' ^ '"^'"^ "^'"9 '^'^A 

annealing temperature of the PCR -is at^ut sT^c bSL thT^I T*^'"'""'*^" -^"^^^ 
employed. • •. • . below the melting temperature of the olfgonudebtide probes 

" Ss n^or^toring nucl^c .bid amp.ica^on 
required that the reporte? and Pue^n^hrmdSes^ ^^^^^^^ 

remained within a minimum quenching distance of th«. rl^^^, tue probfe such that the quenCher ntelecule 

only be designed sucli that the probe be S^S ad^ ISf t ^^"^'"9 prbbfe hefed' 

mum quenching distance of the rS^h^r^^l tSl^^T^ t"'' ^^M^"'^^^^ molecule is vmn a oMn,. 

probeshavingtherepOrterahd'quenKd^^^^^^ ■ 

to synthesize thahprobes whire meS^^S mS oTthe au^^^^^^ T ''f "^^^^^^ 

Positioning Of trte?eporteUndquendhe^iSSJS^2^n^ 
of the probes. ^ - ■ 
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polynucleotide by way of a regular fXrn^f moh^^^^^^ ''^^^ °' ^P^'?^"/ «"diA9 a target ' 

pairing, or the like. Usuallymbhome^aTe lirtkSSXSh^S^ ♦yP«o* ba^e- 

ranging in size from a few mohomeric uS e g zT^S^lftSJ^ '"^^^^ ■*° o«9onucleotid^ 

is represented by a sequence of letters, ^Ucht-ATSS^^^^^^ Wheneverin oligonucieotkJe 

order from left to right and that "A" deno es ?e^xyad^S?n?"c' Zof^^^ nucleotides .are in S' -. 3- 

and -T denotes thymidine, unless othe^isrS^LI^^^^^ "C" denotes deoxyfiu^nosine. " 

Phosphorodithio^te. phospliMidati 

tion v^ll have a sufficient number of pK<^Sest;i£ak^^^ oligonucleotide probes of the inven- 

ity employed cdin efficiently degrldlthe bSSiSbSL^ri • ^ ^ "^^ "'"^•^ ^ ^' exonuclease activ- 
[0049] "Perfectly n^atiiSJerS^^^^^^^ / ' , 

duplex form a double-str&nded strOckire with onTot^er Jl? '^^^^^^^ ^-^"9 up the' 

Crick basepairing with'a nucleotide in the oLTm^^^^IT//"^^^^^ "^'^ '^^'^ ""^^'^ Watson- 
such as deoxyinosine, nucleosides with 2-amrnoS ^tes l^^t.^Tf^'^" T '"'"^ °' """^'""^^^ ^"^'°9S> " 
match" in a duplex between a target polynucleoS L.^ r ^ ^^9Y^: Conversely, a "mis-' ' 

otides in the duplex fails to unde^o Wa£S B^fn^ ?^ prbbe^^or primer m^ans that a pair of 

Ce.gn^:;:^tfe~;s^-^;?^ ^ ' 

in reference to nucleosides includes synthetic ndSASinfc K - 2nd Ed (Freeman, San Francisco: 19S2). "Analogs" ' 

«es. e.g.. described by ScherNrclSr^S^^^^^^^ sugar mcV 

Reviews, 90: 543-584 (1990). or the like with the onlv bmO^cS th^T ' ^."^'^.n and Peymah. Chemical 

logs include synthetic nuciLuiesdS^h ^l^^r^^ZZ' '^^^^^^ ' 
andtheHke." . * ''''^'"9 P^opertes, redu^^ 
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tOOSI] Oligonucleotideprobkof the invention can be synth^iz^ by a ?Ie 
... A-i^^ a^currh 90 5205-5214 0992)- Aqrawal ef a/., Nucleic Aads Be5.?arch. 18: 5419-5423 (1990), or tne 

Tp^S^Z^Xerns. inc. (Foster City. Caiifornia) model 392 or 394 DNA/BNA,Synthes.zer, using f^ndard c"^^^^^^^ 
frtes^S asSosphoramidrte chemistry, e.g.. disclosed in the following referencgs: .Beauc^ge^an^ lyer^Tetrah«^ron 
4^2223 2^1 (l 9S) Molko ef a/., U. S Patent 4.980,460; Kostex et al.,p. S.. P^i^gt A725.,^77; Cari,thers et al U. 
? pSnts 4 415 S 4 458,066: and 4,973.679: and the fife. Alternative .chemistries. e.g., r^ultng "on-n J"^! 
i<2,ie g^cips such as phosphorothioate. phosphoramidate. and the like," may also be employed P'^^^ . 
S^SSie^S^^^^^^^^ "esultlng oligonucleotaes and/or cleavage efficiency of the exonuclease employed are. . , 

rltr p2^2ly The Oligonucleotide protie is in the range of 15-60 nucleotides in length. More preferably, tf^e ol^o, - 
SLrploTe s inte range of 18-30 nucleotides in length. The precise sequence and length 
:Se of th^r^ention depend in part on the nature of the target polynucleotide to which rt l).nds. T»^e b«x..ng locjto^^ 
pS^lena h m^t^'varied to achi^e appropriate annealing and melting properties for a particular embodiment. , Gu,d- 
rncJfortaSScM^^^^^^ 

?S''preferably the 3' terminal nuclecitide of the oligonucle^^^^ 

L^ nucSS polymerase. Such blocking.is conveniently parried out by the attachment of a reporter or, .quencher 
molecule to the termirial 3' carbon of the oligonucleotide pr.obe by ^ linking moiety . . ■ ,i 

SSI K^rS^S 197 I Gri««hs. colour and Conslimtion of Organic Mecjes (Ae«te,,« Press. Na» Yo* 
™^«ollde ,as a>efripl»ied iy.te lo"o«W9 reterer^sLHaujlsna (oHeO ato-ej: Ulriwn elsl., U. S. Palenl3.996j45. . 

LuH^?e a^rL-touidiS-6 naphthalene s^ 
TuS atgStf^o^inkoaaidine aifc^ a^^^^^^^^^^^^ 

?S''prZabt'r^^^^^ 

50 KpropSinkil?nl^^^ for attalment ^ oligonudeoti^es .are,desa.bed.n.m^^^^^^ 

Ktenna ef a/ (cited above): Marshall.. Histpcfiemical, J, 7:, 299-303 (397^): M^nchen .ef.,a ..^U.S.,/at,ent 5^^^*- 
Menchen S a,: Europea^ Patfet App)t<^tion a7'310256.9- ,and,..Bergpt ef,a/... International. Application 
prT/US90/05565"The1atter four ditxjuments are hereby '"corporated by referfince.. ^ , ,„ .uo r>r 

Sr ThSeaVe man^•|in^dng moieties and methqc|ologies for attaching. reporter orquenchec -^^f " ^^f*^^ ^ or 

55 Sni^f^goLleoUs. i exe?nplrfied bythefd!!owing.referer,ces: ^ctetei". edrtor.^^^^^^ 
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1. Synthesis of Oiiaoniirl^^ otide Prnhpg 

{"6.FAM") phosphoramidite. 6-carboxyteSiieSlrhSrrn« f^"^^^.^^A phosphoramidites. 6-carboxyfluoresce.n 

phalink™ for attaching a 3- blocl^ngrhCllTe™^^^ T^"^ "^^^ P'^OS" 

nucleotide synthesis was perform^ on a mSers^ SrstZTi,? .^"I^f = ^''""^ Biosystems Division. Oligo- 
oligonudeotides were purified using Oli^Xlafen S^Sf S^^^^ B,osystems). Primer and complement 
synthesized with 6-FAM-labeled phosphoramidite J the^l^H . , biosystems). Doubly labeled probes were 

sequence, ar^l Phosphalink™ at the 3 end TSiowI d^^^^^^ ""^.'^ the oligonucleotide 

coupled to the LAN-containing oligonucleotidViS^rfJL^^^K f ^^^^^ Prec.prtation. TAMRA NHS ester was 
acted dye was removed by passage c^^^r a PD-To S^h» "^^'^ ^"""^ ^ temperature. Unre- 

preparative HPLC using sLSS proT^orBe ow^l^ columnj.nally. the doubly labeled probe was purified by 

the position of the LAn'tamiS S fSr '^a^e aT ? hTf^Sl' -'"f ^^""""^^ ' ^ 
position 7 from the 5" end. ^ ^^'^ sequence of A1 with LAN-TAMRA at nucleoside 
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Table 2. 




HOST, HBTU, DIPEA, 
DI-Homoserine 

u o 




Poly(ethylene glycol) bis(2-aminoethyl ether) 
HOBT, HBTU, DIPEA, DMF 
* Q 
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2. gynthesis of Qliaonudeotida Pr obes Attached To A Solid Ri . ppr.,^ 

[0063] Both high cross-linked polystyrene (\6b6 A) and controlled pore glass (CPG) (500 A) are used as solid suooort 
matrices. The f unctionalization of a spacer (ctfmpound 5) is illustrated in Table 2 The attachmZt ilifia^lr 

SeT"'^ 

?p°?'*]nHl^'\^ scheme fBr the syhthesis of k^i^def; compound 5. which is used to derivatize 

pTrcrK?B=?HAX°^^^^^^ 

l!^inA ■ • " P'®^^"*"® °* HOBT/HBTU/DIPEA in DMF affOKled amine 4 in 60% yield The 

am ne 4 was then convened to succinate 5 by treating amine 4 with succinic anhydride/EtaN/DMAP in ChISS^ 

. :^:,u;^uXrp^:^ir 

S HOBtThbICipS^^ DM?tt ""f r ' f ^"^"^^'^ ^^^'^^^ polystyrene and CPQ support in pres- 

TAMRA MM<5 ta«da . iT^ J '"gPTOe Hes. 1990. 35, 161) to give amine which was reacted with 

ll^TJl^^ ^1 g've TAMRA labeled supports 7 and 9 respectively. The polystyrene ana CPG supports lowS 
a final loading of 4.8 ^mol/g and 1 4 nmol/g respectively by trityl cation assay ' ■ snowed 
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Experimental: 
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S-nJlT/iu K- , ' ?f'^'°^^ 1-hydroxyberi2otriazor(420mq 31 

to a stirred solution of Nfmoc-e-aminocaproic'acid (1 g. 2.84 mrtiol) in DMF (30 mL) at roorh tehiberaS After iT^^ 
DL-homoser.ne (1.35 g, 11.36 mmol) was added to the reaction mixture After 3 ho^ DM^^rrtii^ei S 
reduced pressure. The residue was dissolved in CHCI3 (100 mL) and washed with 5% SeorHaySSs 't^^^^^ 

SrlS^n^'' • ^^^"^^ *«^'«« ^^^^ vacuum.for 24 hours and. us^d, in the ne« step" wftHoLit furlber. ^ 

"^"wwl""" ^•^'•°i'"e*i°*y»"»y' Chloride (484ri,g. 1.43 mmol) Snd 4-aimethyaminopyndine (25mq 0^2 

ZSi^^Z!^^ I ^"f. °* '^^"^""^ 2 (^O^' pyridine (15 mL) rroom tStJre 

under nrtrogen atmosphere. After 14 hours, pyridine was removed and the residue was dissolved in CH^r^Sn^T^f- ' 
or^nc layer was extracted with 5% aqueous citric acid (1 X 50 mL). H3O O^T^uT^^r^^'S^l'^^ 

fSa ol7TTs^'r^^"TiT 9'y'=^!l'''=(2-a-minoethyl ether).(3.16,g, S.a mmo!). N, AZ-diisopropylethyiamine ' 
(^5 nig. 0.27 mL 1.59 nimol). 1 -hydroxybenzdtriazol (78 mg. 0.58 mmol>and (2-(1H-benzotria2ol-1-yO-l 1 3 3-16^^. ' 
^onTnZpTn iT*^^^^^^ ^^'^ were added to a stirreSi solution of co^und 3 (4oo mro^^^^^ ' 

mmol) in DMF (10 mL) at room temperature. The reaction mixture was stirred at room tempeSure fot 3 houlJ'bS 

saturated brin^ (2 X 50 mL). The organic layer was dried over MgSO. and evaporated to oive a ihiJcJ Cnm 
S m^.r%r "^'^ -lumn'.eluting with a bi,^^%J^(^,^ ; 

[0070] Compouhd-5: Succinic anhydrfde {2i2 mg. 0/^2 mmo^ c\ oo\^rr.r.n a m- *u V - 

ricfine (14 mg. 0.1 1 mmol) were added to a soluSn of <k,m^L 4^300 ^aP 22 IS^^ ^'H^t^-' 
tion rnixture was stirred at room temperature^for 3 hours. TheVeddion rf.b^ fSii^vS CHCl f^^^^^^ 
vj«yed wj 50^ aqueous citric add (1 X 50 niL) and saturated brine (2 xTmrT^fo^ari?yefwafdrSr^^^ 
MgSO, and evaporated to a odorless. foam mg. 90%) which was c^ed tor der Ration of «.ef lid suppSS 
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10071] Derivatization of Polystyrene support with TAMRA dye: High cross polystyrene 000 10 i«nd/g 
amine loS^g lg. 10 nmol). was treated with compound 5 (17 mg. 12 ^mol, 1-hydroxybenzotnazo ^8 mg. 12 i^moO. 
?2 nSSnSia^ol-1-Jl)-1.1 3.3-tetramethyluonium hexafluorophosphate (4.8. mg, 12 ,xmol), A/,/V^nsopropylethyl- 
L jine?r,r3r°mol) n DMF (10 mL) on a wrist action shaker (or 4 hours at room temperature. The ^"PPOrt was 
washed wJh'DMF (3 X 10 mL). CH3CN (2 X 10 mO and.-.CHaa^ (1 X 10 mL)-anddned "':«^«^J'9''^» 
The nShydrin assay showed lUol/g amine left. T^e trityl cation, assay gave5 ^mol/g loading of Wund 5^ Tjje sup- 
port wasSpped with acetic anhydride/lutidine in THF (10% solution, 5 mL) and 1 -'^«tt'y'''";<f mn' 
K forTSTrs at room tempSature. The support was washed with CH3CN (3 X 10 mL) and CH^CI^ (1 ^ 0 mq . 
The support was treated with 20%.piperidine in DMF (3 X 10 mL) to remove the Fmoc protecting group. ^^^^<V°^^ 
L the Fmoc g^oup was monitored by measuring UV of.the solution at 302 nm. The support was washed w,th DMF (3 X 
fo ml) ar^ ^Seated with TAMRA NHS ester (15 mg. 27 ^mol) and EtaN (50 ^mol) in DMF (10 v.L) <or^..ho"r? on , 
I shiir^e sup^S was washed with DMF (3 X 10 mL) CH3CN (2X10 mL) and CH^Cl^ (1X10 mL) a.^""^ ""J^ 
wfhiiuum for S hours. Ninhydrin test showed less than 0.5 ,moUg amine left. The support ^f^^^^^^^^^^^ 
^nhvSutidne in THE (10% solution. 5 mL) and l-methylimidazol in THE (16% solution. 5 mL) for 1 hour and then 
wasS CH^^^^^^ 10 mL), CH^Cl, (2^1 6 mL) and dried under high vacuum for 24 hour. The tnty^caton assay 

rS;? 'SSion^'cJ crsuppor. with TAMRA dye: A ri^xture of CPG (500 A. 40 .mol/g an.neU«ding 500 
™ 20 SrSound 5 (31 mg' 22>mpl)-. 1 -hydroxybenzotriazol (5.9 mg. 22 (2-(1 H-^en-.tn^^^^^^ . 

7^3 3 teSvtSnium hlxafiurophisphate (8.4 mg. 22 ,mol), /y,/V^iisopropyle^hyl^m.ne (10-4 .^L .^O .xmol) .n 
DiFdi mL^was Shaken on a wrist action shaker for 4 hours at room tempera^ra The ^''Z^^ f^^^^^Z 
f3 X 10 mU cAcW (2 X -10 mL) and CHaCla (1 X .10 mL) and dried under high vacuum overnight The^mhydnn assay 
ihl^:^;,^^ amine left. The'trity. assay |aU 15 ^mo.g loading of compound 5 P„ ^^.^^^J^^^TsZl) 
Spped Jh acetic anh^drbe/lOtidine in THE (10% solution, 5 mL) and 7^^, '^t^^^^^ 

S 2 hours at roorii temperature. The suppor,t was wash^ with CHsCN.O X 10 v^L) and CHaCIs (1X10 "^L)- Jhe sup 
Sr?S£t^^Wi* 2S?(>p.perk,-^ in DMFts X 10 mL) to remove the Fmoc P^°^«^"9^9roup. Remo^^ - 
nrnnnw J monitored bv measuring UV of the solution at 302 nm. The support was washed with DMF (3 X 10 mL). The 
Co^warCtiSh TAMRA NHS ester (25 mg. 45 ^mol) and EtsN (90 ,mol) in DMF (5 mL) 42 ^u- orj 
a Sterne support was washed with DMF (3X10 mL). CH3CN (2X10 mL) and CH2CI2 (1X10 mL) ai^dri^ under 
wSTvacuum S 2?hours Ninhydrin test ghowed le^s thaq 1 fx-Pd/g amine left. Th^ support was capped v,r,1h acet.9 , 
anhvSZtiSe t TH?^^^^^^ ^ 1-methylimidazol in THF (1.6% ^lution. 5 m.L) for hour and then 

Tmzf &MaTd°SMRA Doubled Labeled frobesi Doubled dye labeled probes were synthesized by ; 

LSaSraSSJ^^^^^^^ 7 and 9. DNA FastPhosphpraWte and FAM anidite in ^fj^-T^J^'^'^; ^^e^r c^^^^ 
^ S^fefipori^ containingprobes were transferred to 4 mL glass vials and ^ 
BuNlviJo(Vi 2)at'65»C<ciV3hours. Liquid^w 

(3:1 ) and MeOH. Th.e support was dried under, va.cwum ancl used in the Jvbndization^assay. 
40 a Hyhridizatj c ^ Assi^v Usinn Oligonucleotide Prpbe ^. , •: - . . • . 

[00741 A 295 basepair segment of exon 3:of human beta-actin gene, (niKl^^ 

Sima ' Pro. N^i lad. Sd. USX 82:^6133-613.7,(1985 Icah b.e.amplif ied us.qg 50 ul reactions that contain, 
Cm TrS Hd ^bH 8 si '50 mM KCI 4 trM Mg^k. 300 nM primer AFP [SEQ. I.D, ,No. 7]. 300 nM primer b.otin-ARP. 
SEQ 7oU.st^^'^^^^^^^^ 5:eSd].Vo dATP 200,^.,dCTP. 200,jjM.dGTP, ^^-^ 

unte AmpliTig (Perfelmerj.'The reaqtipps are performed wittt (V te(nplate) or without. (n?. template) 20 og human 

1ST XWmal eyelid ^ i ^(d'irn^^d^m minji a^^^O ^es of .4s Tt^^i^ by JO -C (1 
^reacSteVSid by ^^Uy HybPidizatipn Buffer. {5X SSC. 8% (y/v) fprmamide, S%.<yN) Trjon X; 
S ?Je rSuTElsa^i^les af4 fr^»ed to a streptavidin-cosiled 96:?«ell,mic(ot8er pjate (Xenopore Corp.. Saddle 
B?2L^)l^d inluSIf 37 -C for sdl^in in orderio.capture the amplKfed.beta-aciin DNA s^ment Each welljs 
thrwa^iSS^pfic^^^^^^ 

by^S Too m 0.1 M NaOH./ImM EPTA. incubating at. room, temperature for 5 mm and washing wjh ^0 u phos- 
pi;rb^ereds^i;i%/0«l^^^^^^ 

9. nucleotides 1-26 (Al-26). labeled wHh reporter^ AM and quencher, TAMRA) is then added and incubate at u lor 

Py-orescence is then measured at 518 nm and'582 nm using a P^':*^"-^!^ .""^f rHi^;'^LS'i^^^ 
IrQ is then bktculafed as aescribed in Example 5. 
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26 probe and thus is a measure of the amount of amplified beta-actin DNA segment captured in each well. 
4. Hybridization Assay I Ising Olinnnucleotidi. Prnho Attached Tn f^nun Q..pp.^ 

[0077] Three probe/solid support combinatiohs were examined- A1 -PS Ai rSFO m Mn qi * . 
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Table 5 





PROBE 


51 




' "'582 


RQ- 


RQ+ 


'ARQ 




no temp: 


.flemp. 


no temp. 


+temp. 








25 


Al.PS 


149 . ' 


354 • 


- 253 ; - 


' 379- ' 


0.42 ' 


t).67 • 


0.25 




Al-CPG 


494* 


• 437 : 


: '1500 : 


';; 6i6 - 


\1.13 


■ 2.44 ■ 


1:31. 




Gl-PS 


75 


166 


;-l7a -r 




0745 


0:73 " 


0.28 ~ 


5- Method For Monitoring PGR AmoliffcaHnn Mcing OliQonurlPnf.^o P^>.Ko: ' 









AmpErase™ uracil N-glyco JsJ (pTrtan ElSf »2h 1 ? ^.^ '^^^^^ '^^'^^^ ^° ° ^ """^ 

exon 3 of human P-au-nT^eTHSdSS^S disd^^ {Perkin-Elmer).-A 295 basepair segment of 

6133-6137 (1985) was a^plH.ed usS" an^ARP o^^^^^ .E^e£Jte!Ujad.S£iJJSA 82: 

mM MgCla. 20 ng human genomirDNA 50 nM if^Z ^ T t*^ ^® amplification reactions contained 4 
•C(2l)%5«c'(10m,n,^r<^:;erof9fx:2:^ 

:^rr;iS:;t=ss^™f^^ . 

nescence spectrometer w.th a pSeT^de f jr^i! I^^^^^^ • "-^"^^ '^^'f* °' « 

was carried out at 488 nrutnfa S^^TLnST Pm^^ '"^ ^ ""^ ^"^'^"^ filter. Excitation 

Valve) and 582 nm for T/I^Sa "^e guencSer^Q ^ueTu^^^^^^ V^', '"'^^'^ ^ " 

in reporter emission that is due lo cleavage oHheprl dS^^^ 7"""' '° '""^^^ 

sion data. First, emission in.ensrty of a buffer b anMi^lJa^i^^^^^^^ no mal«atons are appBed to the raw emis- 
reporter is divided by the emission irtenJit. of thfnl^h ^ ea<*. wavelength. Second, emission intensity of the 
for well-to-well ^rmonl^^co^Z^T^i^^ "° '"J '"'^^ ™^ "^^'^^'^^ 

ing the RQ value of the no template coSTrcJ? I^Te ro 1? T '"f ^''^ 

(RQ*). ^ ^ for the corrplete reaction including a template 
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Tables. - 




' -'J - 






PROBE 


518 


582 




.RQ+ 


ARQ 




no temp. 




: no temp. 


+ternp. 








A3-6 


34.06 


50.1 


73.78 


. J0.8 


0.5. 


0.71 


,0.25 


A3-24 


58.85 


202 . 


69.66 


78.8 


0.8 


2,57 


1.72 


P2-7 


67.58 


341 


85.78 


87.9 


0.8 


3.89 


3.1 


P2-27 


124.6 


722 . 


152.6 


118 


0.8 


6.1 


5.28 


P5-10 


77.32^ 


■ 156 


75.41 


67 


1 


2.33 


1.3 


P5-28 


73.23 


1 ^O'' 


106.6 


96.3 


0.7 


5.28 


4.59 
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Table 7 



' Fluorescence in Single And pouble-stranded States 



Probe 


518,, J.:/ 


582 


RQ 






" ds. 


ss 


ds 


S3 


ds 


P2-7 


63.81 ; 


84.(p7 


'96.52 


142.97 


0-66 


0.59 


P2-27 


' 92.i3i: 


:557,^3_ 


J 65.1 3 , 


... 89-4-7 


0.56 . 


6.23 


P5-10 


266.30 


366.37 


437.97 


491.00 


0.61 


0.75 


P5-28 


51.91 


782.80^ 


141.20 


154.07 


0.37 


5,6^ 


A1-7 V 




,60.45 . 


,105.53 


218.83 


0.17 


, 0.28 


A1-2e 


"^'87^75 


•734.37' 


90.91 


118.57 


0*v97 


6.19 


.A3:6 


44.77' 


104.80 


^ 90.80 


177.87. 


0.49 


0.59 , 


• A3-24 


/ 45.57 


857.57 • 


.100.15. 


191.43 


0.46 


3.47 



f00831 Tdble 7 give4^the results^of fluorescence measurements of the indicated probei in single and double-^rand^ . 
sSTes For probes having reporter and quencher at opposite ehd,s of the oligonucleotide, hybrid.zat.on . caused a dra- 

JSSl^SIegofng description of a preferred' embodiment of the irivertion has been presented forpurpc^es of illus- 
tration and description. It is not intended to be exhaustive or to limit the inver?tion to the P;^^^^^"]fJ^^^^ 
oS many' nIoJirfications and variations will be apparent tp pradffioners skilled in t^.s^a^t. It .s intended that the scope 
of the inventlon'be defined.by the following claims apd their equivalents. * • 



50 



55 



17 



EP 0 972 848 A2 



10 



15 



20 



25 



SEQUENCE LISTING 
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(i) APPLICANT: Perkin-Elmer Corporation, 

Applied Biosystems Division 

(ii) TITLE OF INVENTION: SELF -QUENCHING FLUORESCENCE 
PROBE AND METHOD 

(iii) NUMBER OF SEQUENCES: 14 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: David J. Weitz, 

Haynes & Davis 

(B) STREET: 2180 Sand Hill Road/ Suite 310 

(C) CITY: Menlo 'piirk ' ' • '•■ 

(D) STATE: California 

(E) COUNTRY: USA ■ ' - ' • ' ' 

(F) ZIP: 94025-6935 ' -".r.:.-..- 
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(V) COMPUTER READABLE FORM: 



(A) MEDIUM TYPE: 3 ; 5 fijch diskette^ • ■ ' 

(B) COMPUTER.- IBM compatible - ■ ' •. 

<C) OPERATING SYSTEM: Microsoft Windows 3.1/DOS 

(D) SOFTWARE: Wordperfect for windows 6.0. 

ASCII (DOS.) TEXT format ' 



45 



so 



(vi) CURRENT APPLICATION DATA: . 

(A) APPLICATION NUMBER;/ 
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(C) CLASSIFICATION: 



ss 



(vii) PRIOR APPLICATION DATA: 



18 



INSDCCia <EP 0972848A2 I > 



EP 0 972 848 A2 



10 



15 



20 



30 



35 



40 



45 



(A) APPLICATION NUMBER: 08/340,558 

(B) FILING DATE: 16-NOV-94 

(viii) attorney/agent' iWoRMATION^ 

(A) NAME: David J. Weitz 

(B) REGISTRATION NUMBER: 38,362 

(C) REFERENCE /DOCKET NUMBER: PELM4264CIP1W0 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (415) 233-0188 

(B) TELEFAX: (415) 233-1123 



(2) INFORMATION FOR SEQ ID NO: 1: , . 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 24 nucleotides 

(B) TYPE: nucleic acid. 

( C) STRANDEDNESS : , .sixigl e , r . v / 

(D) TOPOLOGY: linear. ... j 
IxL) SEQUEJJCE DESCRIPTION: SEQ. ID NQ: 1 : 

ACCCACAGGA ACTGATCACC ACTC 



(2) INFORMATION ElOR SEQ -ID. NOi. 2: " 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 nucleotides 

(B) TYPE: nucleic acid - - 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO ; 2: 
ATGTCGCGTT CCGGCTGACG TTCTGC * • • - — 
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(2) INFORMATION FOR SEQ ID NO: 3: . 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 nucleotides,.. . 

(B) TYPE: nucleic aqid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
TCGCATTACT GATCGTTGCC AACCAGT 

{2) INFORMATION FOR SEQ ID NO: 4 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
■(D) TOPOLOGY: linear'""' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
GTACTGGTTG GCAACGATCA GTAATGCGAT G ' 

(2) INFORMATION FOR SEQ ID NO: 5 

(i) SEQUENCE CHARACTERISTICS: " ' ' ' 

(A) LENGTH: 28 nucleotides 

(B) TYPE: nucleic acid" 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CGGATTTGCT GGTATCTATG ACAAGGAT ' 

(2) INFORMATION FOR SEQ ID NO: 6' " - 
( i ) SEQUENCE CHARACTERISTICS : - ? 



20 



EP 0 972 848 A2 



(A) LENGTH: 31 nucleotiides ' 

(B) TYPE: nucleic acid 

(C) STKANDEDNESS:-^* single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
TTCATCCTTG TCATAGATAC CAGCAAATCC G 

(2) INFORMATION FOR SEQ ID NO: 7 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 nucleotides ^ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: 'single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 
TCACCCACAC TGTGCCCATC TACGA 

(2) INFORMATION FOR SEQ ID NO: 8 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ^ 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

CAGCGGAACC GCTCATTGCC AATGG , 

(2) INFORMI^TION FOR SEQ ID NO: 9,. 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 nucleotides ^ ... 

(B) TYPE: nucleic acid. 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 9 
ATGCCCTCCC CCATGCCATC CTGCGT " • 

(2) INFORMATION FOR SEQ ID NO: . 10 . 
(i) SEQt3ENCE CHARACTERISTICS: 

(A) LENGTH: 30 nucleotides 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 
AGACGCAGGA TGGCATGGGG GAGGGCATAC 

(2) INFORMATION FOR SEQ ID .NO:,. -11 

(i) SEQUENCE CHARACTERISTICS:- .. . 

(A) LENGTH : 24 nucleotides , . . , ., . .. 

(B) TYPE: nucleid acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear' ' ' " " 
(xi) SEQUENCE DESCRIPTION: 'SEq' ' NQ-: ' ii 

CGCCCTGGAC TTCGAGCAAG AGAT 

(2) INFORMATION FOR SEQ ID NO: 12 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH:. 23 nucleotides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single. .... 

(D) TOPOLOGY: ' ' lineair" ' ' 

' ''■ "(Xi) SEQUENCE DESCRIPTION: SEQ 'ID -NO.- - 12' ^ 
CCATCrCTTG CTCGAAGyCG- A^'cSAC f . ' ' " ' 
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(2) INFORMATION FOR SEQ ID NO: 13 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: nucleotides 

(B) TYPE: nucleic .acid • 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CAAGCTTCCC GTTCTCAGCC T 
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(2) INFORMATION FOR SEQ ID NO: .-.14 . . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 nucleotides 

(B) TYPE : nucleic kcid - ' ' 

(C) STRANDEDNESS r single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
ACCGTCAAGG CTGAGAACGG GAAGCTJGTC. . 
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Claims 

1 . A method for detecting a target polynucleotide in a sample comprising : 



contacting said sample of nucleicacids with an oligonuclebtideprobe under conditions favorable for hybridlza- 

JSTnitTrfng the fluorescence of said reporter molecule, an increase in the fluorescence intensity of said reporter 
molecule indicating the presence of said target polynucleotide; 

wherein said oligonucleotide probe is an oligonucleotide probe comprising: , 

an oligonucleotide probe which does not hybridize with itself fo form a hairpin structure; 

a fluorescent reporter molecule attached to said oligonucleptide sequence; and a.quenqher molecule capable 

of quenching the fluorescence of said reporter molecule attached to said oligonucleotide sequence;, 

said oligonucleotide sequence capable of existing in at least one sihgle-stranded conformation when unhybnd- 

ized where said quencher molecule i< « f increscent molecule capable of quenching the fluorescence of said 

reporter molecule; , i_ ^ -j- -i * * ^* 

said oligonucleotide sequence also capable of existing in at least one conformation when hybridized to a target 
polynucleotide where the fluorescence of said reporter molecule is unquenched; 

and wherein the fluorescence intensity of said reporter molecule at its emission maximum when said oligonu- 
cleotide sequence is hybridized to said target polynucleotide is greater than the fluorescence intensity of said 
quencher molecule at its emission maximum when said oligonucleotide sequence is not hybridized to said tar- 
get polynucleotide. 
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2. 



The methcxJ according to claim 1 wherein the fluorescence intensity of said reporter molecule is at least about « 

.raltTn^cS? ' '° ^ ^"e-^^er molec^e by at 

6. A method for detecting a target polynucleotide In a sample comprising: 

monitoring the fluorescence of said reporter molecule, an increase in the fluorescence intensity of said reoorter 
molecule .ndicatihg the presence of said target polynucleotide- ' ' • ' °* sau^ '^Po^er 

wherein said oligonucleotide probe is an oligonucleotide probe comprising ' " 

an oligonucleotide probe which does not hybridize with itself to form a hairpin structure- 
a fluorescent reporter molecule attached to said oligonucleotide sequence: and a qiencher nfelecule capable " 
illTno !-H °' "^'^'^ ^'^^^^ to ^ Oligonucleotide seqTen^e ^ 

S Se^sl ouenS^r "^'^ -ngie-stranded conformatS wh^' unhybrid- 

leS-S moSSle: g a f luor^enf molpr, tffe j-^fm^ of .enrhinn the fluorescenc4 of sab 

said oligonucleoti-de sequence also capable of existir^ in at ieast'orrG cdhformatioh when hybridized tb a taroW 
polynucleotide where the fluorescence of said reporter molecule Is unquench'ed- '' ' -' 
and wherein the fluorescence intensity of said reporter molecluliW its' erti^ion maximum When said oli^bnu 
SSL'moTe^urat ii^^^^^ *° sad target polynucleotide is gr^at^r'mlh the flubrescenStSy SSS 
S^uSeSdt ^ maximum When said oligbhudeotide secjuehceKhot hybrklized tb said-tar' 

SL^of 3?oSL^!n°th^ r - " '"tensity of said reporter molecule is at least about a" 

llSt'fn^cl^^i"' '° '"''^ ' ^^^r.^ '^^^ -o'ec^'els separated frbm saJd quehcher n«ieeul^:by at ^ 

- trpm ^U. quencher mo^fe b^ ■ 

.5 *° « ^P-'-»«^ -id quench^ mc>|ec^e by at. _ 

11. A method for 'detectiriga target polyn6cle«^^^^^ • • 

ToTa^^ "^"^ ^'^'^ ^ Oligonucleotide probe under condittons favorable for hybridiia-' 

mciiito-ing fte fluorescence of said rep«Drte/-rf»lecule. an i^reaseln the' fluorkcence intensity' of said Veb^rter 
molecule indicating the presence of said target polynucleotide- ? ^ ^ ' " 

wherein said oligonucleotide probe is an oligonucleotide probe comprising- 
an oligonucleotide probe which does not hybridize with itseH to 

J!!Z^ l^^^' ""^"'"'^ *° Oligonucleotide sequence; and a quendher mofecufe <kbable- ^ 

l^^^oX V^--"^-^^^^ "^"^ """'^"'^ ^"^^"^^ to Oligonucleotide sequence 
S3 ler^t.^ sequence^capable of existing iri'at least one sihgle^stranded conformatSh unhyfcrid- ' '= 
.zed where said quencher molecule feMlwres^PntmnKiil^rRnnhloof quenching the fluorescS<^"Ssad 
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reporter molecule; • ■ ■ 

said oligonucleotide sequence also capable of existing in at least one conformation when hybridized to a target 
polynucleotide where the fluorescence of said reporter molecule is unquenched; 

and wherein the ratio of the fluorescence imfinsififiS of said reporter mplecule to s^ifl quenffher molecMlg at 
their emission maxima when said oligor^ucleotide sequence is hybridized to said target polynucleotide is, 
^ter than the ratio of the fluorescence intensities of said reporter molecule to ^id qufaighgf mplegule at 
their emission maxima when said oligonudeplide sequence is not hybridized to said target polynucleotide. . 

12 The method according to daim 11 the ratio of the fluorescence intensities of said reporter molecule to said 
" quencher molecule at their emission maxima when said oligonucleotide sequence is hybridized to said target pdy- . 
nucleotide is at least 6 times greater than the ratio of the fluorescence intensities of said reporter mplecule to said 
quencher molecule at their emission maxima when said oligonucleotide sequence is not hybndized to said target 
polynucleotide 

13. The method acceding to claim 1 1 wherein said reporter molecule is separated from said quencher molecule by at 
least 1 5 nodeotidei 

14. The method accoiong to daim 11 wherein said reporter molecule is separated from.said quencher, molecule by 
between 15 and 60 nucleotides ;r . ■ 

15. The method accocdjng to^cia.ml 1 whereih s^id reporter molecule is separated from said quencher molecule by at 
least 18 nucieotid«» ., r 

16. A rnethcxf for detecmng Vp'.a^ PO^W^ 

contactmg sad sanpie pf r^cleic acids, with, an oligonucleotide probe attqr,hfi(1 to a SO'W swpPPrt under condi- 
tions favor abe for hyt)ridization;,^d. .. - , -,. . ,. -. ^ .' . 
monitoring me fluorescence of^said tepbrter molecule.' an increase in the flMorescenpe intensity of said reporter , 

iTOl'eciiie iix6catir>g the p^^^^ 

wlierein said obgonucleotMeprobp is^an pfi^^^ 

an oligohudeotide probe which "does not liybrWiiewi^ 

a fluorescent tepcr ter molecule attached to said oligonucleotide sequence; and a quencher molecule capable 
of quenching the fluorescence of said repprter molecule attached to said oligonudeotide sequence; . 
said oligonucleotrie sequence capable of existing in at least one. single-stranded conformation when gnhybrid-- 
izea"^ere said qu'ehdier moieiule a fiW^cent mnlBciile capable of quenching the fluorescence of said - 

Laid Xo^^^'^'^e sequence also .catable ot existing in at least or^? conformation when hybridizedto a-target 
polynud^tide where the fluorescence of said reporter molecule is unquenched; 

and wherein the ratio of the fluorescence intensities of said reporter molecule to said quencher molecule at 
thfiir emission njaama yyhen s^d c^ligonu^qleptide. sequence js hybi;idize<? ,to ,sai0,target polynucl^tide 
greater tl^n thST ofthe fluorescence intensities of said reporter molecule to said quencher molecule at 
SilT^ission maxima when said oligonudeotide sequence is not hybridized to said target polynucleotide. 

17 The method kccoid.n^' to claim' 16 the'riillo''of"t?.e fluorescence intensities of skid reporter mdeculeJo said 
" quencher molecule at their emission maxima when said oligonucleotide sequence is hybridized to said target poly- 
nucleotide is at least 6 times greater than the ratio of the fluorescence intensities of said reporter.molecule to said 
quencher molecule at their emission maxima when said bligonudeotide sequence is not hybridized to said target 
polynucleotide. ^ ,. . .. . . . , . ; :-;'r :^ . • . .• • 

18. The method according to claim 1.6 wherein , said reporter molecule is se|jarated from said quencher molecule by at , 
least 15 nucleotides " ; f,. i. .. c - 

19. The method according to claim 16 wherein said reporter niplecule. is separateid'/rom' said qgencher molecul^ by 
between 15 and.eoriucleotides. ' • '■ ' • :-. . 

20. The meth.Qd accpraing to claim 16 whwein s^id reported molebuleis separated from said quencher irlolecule by at 
least 18 nucleotides.' . , . . . j- : ' 
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